Resumen. De Alvaradoa amorphoides se aislaron cuatro compuestos: crisofanol (1), β-sitosterol (2), ácido atrárico (3) y el ácido 17-octadecen-6-inoico (4). Los compuestos fueron evaluados en los ensayos in vitro de actividad citotóxica y antiproliferativa. El ácido atrárico y el ácido 17-octadecen-6-inoico presentaron actividad citotóxica. Adicionalmente, el compuesto 4 mostró cierto grado de selectividad contra las líneas cancerígenas. Palabras clave: Alvaradoa amorphoides, actividad citotóxica, actividad antiproliferativa, acetileno.
Introduction
According to the World Health Organization, cancer is one of the most important causes of death in the world. This disease caused 7.6 million deaths in 2008 [1] . In addition, it has been described drug resistance in cancer cells; therefore, the discovery of new, more effective and selective antineoplasic agents is one of the most important challenges in this area [2, 3] . According to the Food and Drug Administration (FDA), 40-45% of all anticancer drugs approved from 1940 to 2006 corresponded to natural products or derived from them [4] . One of the most important sources for finding new anticancer drugs is the plant kingdom [5] .
The genus Alvaradoa (Pricramniaceae) is a natural source of compounds with potential activity against cancer, having been possible to isolate metabolites with cytotoxic activity. Phytochemical analysis of A. haitiensis concluded in the isolation of 10 anthracenone C-glycosides denominated alvaradoins E-N, and all compounds showed cytotoxic activity against KB cell line; furthermore, the compound alvaradoin E showed antileukemic activity on an in vivo model [6] . Regarding A. amorphoides, the stem bark is used in Mayan traditional medicine to treat skin disorders [7] . This species has only a few biological studies. Ankli et al. studied the dichloromethane and butanol leaf extracts, and they concluded that these extracts have cytotoxic activity against KB cell line [8] . Caamal-Fuentes et al. evaluated the methanol extract of the stem bark and this extract exhibited cytotoxicity against KB cells at CC 50 = 22.4 μgmL −1 [9] . It is worth noticing that there are no reports of compounds isolated from the stem bark of this plant. In view of the above, the aim of this work was to isolate, purify, and identify the cytotoxic constituents of the stem bark of A. amorphoides through its evaluation in five cancer cell lines: KB, Hep-2, HeLa, PC3, and MCF-7, and a normal cell line (Hek-293), using the MTT colorimetric method for cytotoxic activity and SRB for the antiproliferative bioassay.
Results and discussion
The crude methanol extract from the stem bark of A. amorphoides was fractionated by liquid-liquid separation, affording the hexane fraction; both, methanol extract and hexane fraction were evaluated against the KB cell line, showing CC 50 = 23.0 and 38.0 μgmL −1 , respectively. The hexane fraction was subjected to successive chromatographic fractionation to afford four known compounds: chrysophanol (1), which is a common anthraquinone isolated from Alvaradoa species, included A. amorphoides [6, 10, 11] ; β-sitosterol (2); atraric acid (3), which has previously been obtained from the stem bark of Pygeum africanum and being this the first report on its isolation from A. amorphoides [12] ; and the acetylenic compound 17-octadecen-6-ynoic acid (4) [13, 14] . The structures of compounds 1-4 were elucidated by IR, GC-MS, and NMR spectroscopic analyses and by comparison with the literature data ( Figure 1 ). Compound 4 was originally isolated by Pearl et al. and it was identified by GC-MS by previously preparing its methyl derivative, the methyl 17-octadecen-6-ynoate [13] . Nevertheless, this is the first time that compound 4 is isolated from the stem bark of A. amorphoides and the present work is contributing with the complete structural analysis of this molecule.
All compounds were evaluated against cancer cell lines (Tables 1 and 2 ). Compounds 3 and 4 showed cytotoxic activity ( Table 1 ). The acetylenic-type compound (4) showed high selectivity against all tumor lines compared with the normal cell line. This high selectivity toward tumor cells is of great importance because the drugs used nowadays against cancer cause serious adverse effects. No reports exist about the biological activity of this enynoic acid. However, the 6-octadecynoic acid (tariric acid) inhibits the growth of fluconazole-susceptible and resistant Candida albicans strain [15] . Acetylenic compounds have a great potential as possible anticancer agents [16] . None of the compounds showed antiproliferative activity.
The current study supports the ethnomedical use of A. amorphoides as a remedy for the treatment of cancer-like symptoms. This is the first time that the acetylenic compound 17-octadecen-6-ynoic acid (4) is isolated from the stem bark, and according to the cytotoxic bioassay, 4 should be considered as a potential anticancer agent. Taking into account its cytotoxic activity and its high selectivity towards tumor cells, the 17-octadecen-6-ynoic acid may be a lead for further studies on its mechanism of action in cancer cells.
Experimental
Purification by column chromatography (CC) was performed using silica gel 60 (0.040-0.063 mm, Merck, Darmstadt, Germany) and pre-coated silica gel plates (Merck, Kieselgel 60F 254 , 0.25 mm) for preparative thin layer chromatography (PTLC). Gel permeation column chromatography was carried out using Sephadex LH-20 (Amersham Pharmacia Biotech AB, Sweden). Analytical TLC was performed on silica gel 60F 254 aluminum plates (E.M. Merck, 0.2 mm thickness). Detection of the components under UV/Vis light at 254 and 365 nm was performed on a Chromato-Vue® C-75 UV Viewing Cabinet. Visualization of components was carried out by using a solution of phospho- Cytotoxic Constituents from the Stem Bark of Alvaradoa amorphoides 213 molybdic acid (20 g) and ceric sulfate (2.5 g) in 500 mL of sulfuric acid (5%), followed by heating. IR spectra were taken on KBr discs on a Nicolet Protégé 460 spectrophotometer. NMR experiments were recorded on a Bruker Avance 400 Ultra Shield spectrometer in CDCl 3 . Gas chromatograms and low-resolution mass spectra were obtained on an Agilent Technologies GC-MS instrument (models 6890N and 5975B) using the following chromatographic conditions: split injection; 1 mL sample at 1% concentration; Ultra 1 column (25 m × 0.2 mm i.d.); flow rate 1.0 mLmin −1 (helium as carrier gas); oven temperature program: T1 = 180 °C (3 min), T2 = 280 °C (15 min), gradient 10 °C/min; injector and detector (FID) temperature at 280 °C. High-resolution mass spectra were obtained on a JEOL GCMate mass spectrometer. All solvents of technical grade employed for chromatographic separations were distilled prior to use. 
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Extraction and isolation
The dried and powdered stem bark of A. amorphoides (9.5 Kg) was extracted successively with methanol (3 × 15 L) at room temperature for 72 h. The methanol extract was concentrated under reduced pressure resulting in 1.2 Kg of crude extract (12.6%). An aliquot of the methanol extract (226.4 g) was suspended in a solution of methanol-water 1:1 (1 L) and it was partitioned with hexane to obtain the hexane fraction (6.2 g). The hexane fraction was subjected to an initial fractionation by vacuum liquid chromatography (VLC), eluting with n-hexane, n-hexane:ethyl acetate (EtOAc) gradient mixtures, EtOAc, EtOAc:methanol (1:1), and methanol (MeOH), obtaining 21 fractions, which were pooled in 10 major fractions (A1-A10), according to their TLC profile. Fraction A8 (2.2 g) was passed through a column containing Sephadex LH-20, using MeOH for elution, yielding 38 fractions which were pooled in nine fractions (B1-B9) according to their TLC profile. Separation of B9 fraction (953 mg) on silica gel CC with gradient mixtures of hexane:EtOAc was carried out to obtain compound 1 (13.6 mg) and compound 2 (35.2 mg). Fraction B4 was loaded on a Sephadex CC and eluted with hexane:CHCl 3 :methanol (2:1:1, v/v) to afford 21 fractions (C1-C21). Fraction C4 (245.8 mg) was subjected to flash CC, and eluted with hexane, hexane:EtOAc mixtures of increasing polarity, yielding compound 2 (49.0 mg). Fractions C5 and C6 were combined (292.6 mg), and then further purified by a silica gel column with hexane:acetone mixtures to give 76 fractions, which were pooled in 17 final fractions (D1-D17). Fraction D6 yielded compound 4 (13.5 mg). Fraction B5 (80 mg) was loaded on a silica gel CC and eluted with hexane, hexane:EtOAc mixtures of increasing polarity, yielding 14 major fractions (E1-E14). From fraction E3 compound 1 (5.3 mg) was obtained, fraction E8 yielded compound 3 (6.3 mg), and fraction E10 yielded compound 2 (10.6 mg). 
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Cell culture
The cytotoxic and antiproliferative activities of the extracts, fractions, and compounds were evaluated against six cell lines: laryngeal carcinoma (Hep-2, ATCC CCL-23), cervix adenocarcinoma (HeLa, ATCC-CCL-2), prostate adenocarcinoma (PC-3, ATCC-CRL-1435), nasopharyngeal carcinoma (KB, ATCC-CCL-17), breast adenocarcinoma (MCF-7, ATCC-HTB-22), and a human embryonic kidney cell line (Hek-293, ATCC-CRL-1573), from the American Type Culture Collection (ATCC). All were cultured in Dulbecco's Modified Eagle Medium (DMEM; Gibco) and supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco), 100 UmL −1 penicillin (InVitro), 100 μgmL −1 streptomycin (InVitro), 2.5 μgmL −1 amphotericin B (InVitro) in a 5% CO 2 humidified atmosphere at 37 °C. Dilution of stock solutions was made in culture medium yielding final extracts and compound concentrations of 3.125, 6.25, 12.5, 25, and 50 μgmL −1 with a final DMSO concentration of 0.01%. This concentration of DMSO has no effect on the growth of cells.
